Background: Recent years, lots of scientific studies are focused on the possible mechanism of inflammatory response and oxidative stress which are the mechanism related with tissue damage and exercise fatigue. It is well-known that free oxygen radicals may be induced under invitro conditions as well as oxidative stress by exhaustive physical exercise. Objectives: The aim of this study was to investigate the effects of anabolic steroids in conjunction with exercise in the process of spermatogenesis in the testes, using histological and stereological methods. Materials and Methods: Thirty-six male Sprague Dawley rats were divided to six groups, including the control group, the eccentric exercise administered group, the estrogen applied group, the estrogen applied and dissected one hour after eccentric exercise group, the no estrogen applied and dissected 48 hours after eccentric exercise group and the estrogen applied and dissected 48 hours after eccentric exercise group. Eccentric exercise was performed on a motorized rodent treadmill and the estrogen applied groups received daily physiological doses by subcutaneous injections. Testicular tissues were examined using specific histopathological, immunohistochemical and stereological methods. Sections of the testes tissue were stained using the TUNEL method to identify apoptotic cells. Apoptosis was calculated as the percentage of positive cells, using stereological analysis. A statistical analysis of the data was carried out with one-way analysis of variance (ANOVA) for the data obtained from stereological analysis. Results: Conventional light microscopic results revealed that testes tissues of the eccentric exercise administered group and the estrogen supplemented group exhibited slight impairment. In groups that were both eccentrically exercised and estrogen supplemented, more deterioration was detected in testes tissues. Likewise, immunohistochemistry findings were also more prominent in the eccentrically exercised and estrogen supplemented groups.
Background
Exercise, described as any bodily activities that enhance, or maintain physical fitness and overall health and wellness, play an important role in particular in Western societies. It is known that even moderate exercise is a stress situation for which the body must find a new dynamic equilibrium. This process requires, among other things, adaptive responses of the hormonal systems (1) . Briefly, during exercise, the body sets up a new system and tries to adapt to it in two ways. One is through the hypothalamic-pituitary axis, which is a major part of the neuroendocrine system that controls and regulates many vital body processes (2) . Another is by eliminating, through cellular mechanisms, the increasing levels of Reactive Oxygen Species (ROS), which are highly reactive, toxic and cause damage to proteins, lipids, carbohydrates and DNA (3) . These two systems have a close relationship with each other to overcome stress during exercise. At the microenvironment level, antioxidant enzymes such as catalase, superoxide dismutase and glutathione peroxidase defend the cell against the harmful effects of ROS. The hypothalamic-pituitary axis helps cells via hormones such as Follicle Stimulating Hormone (FSH), Luteinizing Hormone (LH) and end products (cortisone, testosterone, estrogen, etc.), which bind to receptors in the cell cytoplasm or nucleus and accelerate the production of various antioxidants (4) (5) (6) (7) .
Estrogen exerts a variety of important physiological effects, which have been suggested to be mediated via two known Estrogen Receptors (ERs), alpha and beta. With a higher affinity than ERβ, 17β-estradiol (E2) binds ERα and promotes higher rates of ERα-mediated transcriptional activity in Estrogen Response Elements (ERE). Estrogen is believed to have a high antioxidant capacity, membrane stabilizing properties and a gene regulatory effect. It has been suggested that estrogen could play a role in reducing tissue damage (8) .
In the literature, there are many studies in which exercise as a stress model has been applied to different animals to show its possible effects on different organs through the help of various laboratory techniques (9, 10) . However, there is no information about male infertility associated with stress depending on eccentric exercise and the effect of estrogen used on testes tissues.
Objectives
In this study, we examined the effects of both extensive exercise and estrogen on rat testes using histological, immunohistochemical and stereological techniques; we also attempted to discover a relationship between infertility and exercise/estrogen.
Materials and Methods
Thirty-six male Sprague Dawley rats (12 weeks old, 245 ± 22.89 gr in weight) in groups of six per cage, under controlled conditions of constant temperature/humidity, and exposed to a 12-hour light/dark cycle, were housed in facilities accredited by international guidelines. Studies were approved by and conducted in accordance with the Institutional Animal Care and Use committee of Ataturk University (ATADEM-Approval No: 2010 -11/65; No. B30.2.ATA.023.85 -103). Our study was an experimental research study. Thirty-six rats were allocated randomly to six groups, as shown in Figure 1 .
Experimental Model and Named Groups
Exercise was performed on a motorized rodent treadmill with an electric shock grid. Animals ran at 20 m/ minute -1 on a 15% grade (downhill) for 90 minutes. All animals in exercise groups completed 90 minutes of exercise (11) .
Animals in estrogen groups received daily β-estradiol 3-benzoate (10 µg/kg β-estradiol dissolved in sesame oil) by subcutaneous injections (12) . Injections were made to the neck fold and administered for 30 consecutive days. The animals exercised for 24 hours following the final injection (13, 14) . All animals were sacrificed at 1 hour or 48 hours after exercise by the perfusion-fixation method under isoflurane anesthesia. All animals were dissected and testicular tissues were removed for histological procedures and kept in appropriate conditions.
Research Methods

Immunohistochemistry Methods
Immunohistochemistry by NF-κB-p65 and TUNNEL staining in paraffin sections was performed as follows: the sections were deparaffinized and treated with proteinase K solution (20 μg/mL in PBS) for 15 minutes at room temperature. Subsequently, the sections were washed in distilled water and immersed in 3% hydrogen peroxide for 15 minutes. After several washes with PBS (50 mM sodium phosphate and 200 mM NaCl at pH 7.4), the sections were immersed in an equilibration buffer at room temperature for 20 minutes. Some sections were incubated with rabbit anti-human NF-κB/p65 primary 
Histological Examination of Paraffin Sections
After removing the testes, they were fixed with 10% buffered formalin for 24 to 48 hours in order to prepare them for histopathological examinations. After the fixation and routine preparation of the samples, according to the conventional light microscopic technique, they were embedded in paraffin. Using a microtome (Leica RM2125RT), 5-μm-thick sections were cut and stained with Mallory's triple stain modified by Crossman in order to determine the general structure of testicular connective tissues.
Histological Examination in Semi-Thin Plastic Sections
After dividing the testicular tissue to small pieces under a stereomicroscope (Lumiscope No.KS 65893), samples were fixed in 3% glutaraldehyde in 0.1 M phosphate buffer, post-fixed in 1% phosphate-buffered osmium tetroxide, dehydrated in a graded acetone series and washed in propylene oxide. After dehydration, specimens were embedded in fresh Araldite CY 212 (Agar, Cambridge, UK). Sections were cut using an ultramicrotome (Nova LKB Bromma, Sweden). Each araldite-embedded tissue block was cut to sections of about 1 μm thickness and stained with toluidine blue. These sections were photographed by a light photomicroscope (Olympus BH 40) for light microscopy examination.
Stereological Examination
Stereological analysis was carried out on immunopositive germ cells with TUNNEL in testicular tissue sections. For this purpose, a microscope with a camera attachment plus a computerized system and specialized software (Stereoinvestigator V-9 (Leica)) were used. Furthermore, TUNNEL-positive germ cells' numerical density was estimated via the Fractionator method as described in previous studies (15, 16) .
Statistical Analysis
To evaluate the significance of the observed differences, we used the one-way analysis of variance (ANOVA) followed by Tukey's HSD multiple range test. All statistical calculations were performed using the SPSS 15.0 software for Windows (SPSS Inc., USA). Statistical significance was set at P < 0.05. All data were expressed as mean ± Standard Error of the Mean (SEM) for the six rats in each group.
Results
Conventional Light Microscopic Results
Results of Triple Staining
Histopathological evaluation of the control group's testes revealed regular-shaped seminiferous tubules with germinal epithelium and underlying basement membranes. Spermatogonia, Sertoli cells, which are located in the basal compartment, and spermatocytes, which are located in the adluminal compartment, were observed as normal. Lumen of seminiferous tubules was filled with mature spermatids tails. Leydig cells located in the interstitial tissue showed regular shape (Figure 2 A). In the examination of the non-estrogen applied and dissected one hour after eccentric exercise group, seminiferous tubules were noticed with reduced thickness of germinal epithelium. Lumen of seminiferous tubules was observed free from spermatids (Figure 2 B) . Unlike the control group, spermatocytes with condensed and fragmented nuclei were detected in the local areas of seminiferous tubules (Figure 2 B) . Cross-sections of the estrogen applied group exhibited normal structures of seminiferous tubules with small irregularities. Additionally, increased mitotic activity of spermatogonial cells was noticed (Figure 2 C) . In the examination of the estrogen applied and dissected one hour after eccentric exercise group, the cross-sectional conspicuous feature of testicular tissues was the increasing number of interstitial tissue cellular components. The border of seminiferous tubules was observed as irregular and a thickening of the underlying basement membrane was also detected (Figure 2 D) . Evaluation of the testes of the no estrogen applied and dissected 48 hours after eccentric exercise group revealed a reduction of germinal epithelium in tubules and some tubules were completely distorted (Figure 2 E) . Lumen of seminiferous tubules was free of mature spermatid tails (Figure 2 E) . In examination of the estrogen applied and dissected 48 hours after eccentric exercise group, an extreme irregularity of tubules and a reduction of germinal epithelium in seminiferous tubules was remarkable (Figure 2 F) .
Results of Toluidine Blue Staining
Evaluation of the control group's semi-thin plastic sections revealed seminiferous tubules containing normal structured germinal epithelium and the lumen of tubules filled with mature spermatids (Figure 3 A) . Cross-sections of the no estrogen applied and dissected one hour after eccentric exercise group exhibited reduced thickness of the germinal epithelium and irregular boundaries of seminiferous tubules (Figure 3 B) . In examination of the estrogen applied group, sections of thickening in the basement membrane were observed in the tubules. However, the thickness of the germinal epithelium was found normal, and the number of spermatids was decreased in the lumen of the seminiferous tubules (Figure 3 C) . Cross-sections of the estrogen applied and dissected one hour after eccentric exercise group exhibited more irregularity of seminiferous tubules. Additionally, edema was detected between the germinal epithelial cells and basement membranes (Figure  3 D) . In examination of the no estrogen applied and dissected 48 hours after eccentric exercise group, sections showed remarkable reduction in the thickness of germinal epithelium. Chromatin condensation was detected particularly in spermatogonia located in the basal compartment. Spermatogenetic arrest was also detected in this group (Figure 3 E) . In the evaluation of the estrogen applied and dissected 48 hours after eccentric exercise group, sections revealed excessive irregularity of the seminiferous tubules. Thickness of the basal membranes and germinal epithelium were obviously decreased. Hyperchromasia, vacuolization, edema and spermatogenetic arrest were also determined in the germ cells, which form the germinal epithelium (Figure 3 F) .
Immunohistochemistry Results
Results of TUNNEL Staining
TUNNEL immunopositivity of germ cells, which form the germinal epithelium and interstitial cells, were not observed in the evaluation of testicular sections of the control group (Figure 4 A) . Immunopositivity of most germ cells that make up the germinal epithelium was conspicuous in the examination of sections of the no estrogen applied and dissected one hour after eccentric exercise group. Immunopositivity of Sertoli cells and spermatogonia were detected in the early stage of development (Figure 4 B) . In the examination of the estrogen applied group, immunopositivity of cross-sections was remarkable in spermatogonia and in primary spermatocytes (Figure 4 C) . Immunopositivity of all germinal cells were only observed in some of the tubules of the estrogen applied and dissected one hour after eccentric exercise group (Figure 4 D) . In general, primary spermatocytes do not exhibit immunopositivity, however, some of Sertoli cells had immunopositivity (Figure 4 D) . Immunopositivity of Sertoli cells and spermatogonia located in the basal compartment of tubules were remarkable in cross-sections of the no estrogen applied and dissected 48 hours after eccentric exercise group. Spermatids forming the acrosome granules exhibited immunopositivity (Figure 4 E) . A strong immunopositivity of spermatogonia and Sertoli cells, which form most of the germinal epithelium of the seminiferous tubules, was detected in the examination of cross-sections of the estrogen applied and dissected 48 hours after eccentric exercise group.
Immunopositivity was not determined in sporadic spermatids located close to the lumen. Additionally, giant cell formations were noticed (Figure 4 F) . 
Results of NF-kB Staining
In examination of the control group, weak NF-κB immunopositivity was revealed (Figure 5 A) . In the evaluation of the no estrogen applied and dissected one hour after eccentric exercise group, sections revealed mild cytoplasmic immunopositivity in primary spermatocytes (Figure  5 B) . Although spermatids exhibit mild immunopositivity, in the examination of the estrogen applied group, cytoplasmic and nuclear immunopositivity in Type A and B spermatogonia were observed (Figure 5 C) . Remarkable immunopositivity was found in the majority of Type A and B spermatogonia, primary spermatocytes and early spermatids in testes sections of the estrogen applied and dissected one hour after eccentric exercise group (Figure 5 D) . In the examination of the no estrogen applied and dissected 48 hours after eccentric exercise group, strong cytoplasmic and nuclear immunopositivity was detected in spermatogonia, primary spermatocytes and Sertoli cells (Figure 5 E) . In the evaluation of the estrogen applied and dissected 48 hours after eccentric exercise group, the sections revealed strong cytoplasmic and nuclear immunopositivity of spermatogonia, Sertoli cells, primary spermatocytes and early developing spermatids in some tubules ( Figure 5 F) . 
Stereological Results
Assessment results of the numerical density of immunopositive cells in the testes samples of all groups used in this study are summarized in the table below (Table 1) .
Discussion
Our central hypothesis was that exercise is, in itself, an important stress source because it causes changes in the normal regulation of the hypothalamic-pituitary axis by excessive production of reactive oxygen species. Estrogen supplementation can also be considered in the same way. Our second hypothesis was that this topic might have a connection with infertility in men. For this purpose, the findings obtained from this study were discussed in both contexts.
According to our approach, the first finding was about NF-κB-p65. NF-κB, which is found in almost all animal cell types, is a protein complex. It controls the transcription of DNA (17) , which is involved in cellular responses to stimuli, such as bacterial or viral antigens, cytokines and any kind of stress in the body such as extensive or normal physical exercise (18, 19) .
In our study, immunopositive cells by staining with NF-κB-p65 were found remarkably in groups 6 and 5, moderately in group 4 and weakly in groups 3 and 2. Additionally, in group 6, both nuclear and cytoplasmic immunopositivity in spermatogonia, Sertoli cells, primary spermatocytes, secondary spermatocyte, early spermatid and the endothelium of interstitial arterioles were determined. Immunopositive cells were observed in all germinal epithelium without exception. In group 5, there were similar findings except in spermatid and interstitial tissues. Immunopositive cells were especially observed in the basal compartment of seminiferous tubules. In group 4, although findings were similar to group 5, immunopositivity was clearly less dense than groups 6 and 5. Immunopositive cells were especially observed in the adluminal compartment of seminiferous tubules. The findings of groups 3 and 2 were almost the same, although there were some small differences. In these two groups, immunopositivity was both less and condensed in spermatogonia.
At this stage, we attempted to investigate what it means, if in tissue, the density of NF-κB-p65 immunopositive cells increases. It has been shown that every physiological and/or pathological process that causes cell stress produces ROS, which can activate the appropriate transcription factor via triggering a signaling cascade and converging on the activation of the transcription factor NF-B (20) . NF-κB, in turn, induces the expression of proinflammatory cytokines (21) to arrange or regulate inflammation and to indirectly prevent the possible damaging effect of oxidative stress. Finally, we can say that, first, extensive exercise is a source of oxidative stress and chronic effects are more remarkable than acute effects, and second, in extensive exercise, the situation in testes tissues is exaggerated, instead of protected, by the use of estrogen. Additionally, Cook et al. reported that male rat utero exposure to 17-α-estradiol decreases the number of Sertoli cells as well as sperm production and testicular weight (22) .
At this stage, it is important to discuss the presence and density of apoptotic cells in testes tissues suffering from oxidative stress, depending on the severity of the stress. If the tissue encounters any kind of injury, it tries to solve the problem with its own internal mechanisms in order to protect itself against harmful situations. If it succeeds, it repairs the damage and restores the functions. The second choice is to limit the effect of injury by bargaining away some of the cells via apoptosis, which is the normal way to get rid of abnormal cells before necrosis. In this study, the following findings were obtained with the TUNNEL method. In group 2, there were immunopositive cells by staining with TUNNEL in both basal and adluminal compartments of seminiferous tubules, especially in the early stage spermatogonia and Sertoli cells located on basal side. Although apoptotic primary and secondary spermatocytes were detected, they were lower when compared to those found in the basal compartment. There were no immunopositive cells in the interstitium of testes. In group 3, findings were similar to group 2 with a few exceptions. Immunopositive cell density was a bit less in group 2. There was immunopositivity in early spermatids. In group 3, the presence of spermatids with structural deformity was detected but did not show apoptotic cells. In group 4, immunopositivity exhibited differences from tubule to tubule and the thickness of some tubules clearly decreased. While there were no apoptotic cells in thin tubules, in others there were immunopositive cells in the whole germinal epithelium, especially in primary spermatocytes. Additionally, no immunopositive cells were found in the interstitium of testes. In group 5, it was most remarkable in the density of immunopositive cells in all and different stages of spermatogonia and Sertoli cells. Some primary spermatocytes were stained with TUNNEL, yet others were not. Another interesting finding was related to spermatids. All of the spermatids that contained an acrosome granule were immunopositive. The last important point for this group was the presence of many apoptotic cells in some elements of interstitial tissue, especially in Leydig cells. Group 6 was similar to group 5 with a few exceptions. First, there were no immunopositive cells in the interstitial tissue of testes. Second, there were immunopositive spermatids near the lumen, which had structural defects and giant cell formations. Similar to the classification done in NF-κB-p65 immunopositivity, findings were also valid for TUNNEL. That is to say, according to immunopositivity, there were four categories as follows;
i) The first consisted of groups 6 and 5
ii) The second consisted of group 4 iii) The third consisted of groups 3 and 2 and iv) The final was the control group At this stage of the topic, it is important to discuss what TUNNEL positivity means and what it says to us by implication. Recently, in sport science research, there has been an effort to connect strenuous exercise and oxidative stress, which can lead to programmed cell death, in addition to necrosis or apoptosis (23) . In many studies, basic changes occur in mitochondrial function (24, 25) because the mitochondria are the primary source of Reactive Oxygen Species (ROS) in cells, and p53 is regulated by ROS (26) . Briefly, whenever mitochondrial function increases to handle the increased metabolic demands of the cell by nutrient absorption (27) , the altered ROS formation may also influence p53. Furthermore, mitochondria are vital for carrying out the intrinsic pathway of apoptosis, with p53 facilitating this form of apoptosis through both transcription-dependent and transcription-independent mechanisms (28) . When histopathological and stereological results were examined in necrosis, cell loss, structural abnormality in some cells, irregularity and fragmentation in cell membranes in both germinal epithelium and Sertoli cells and vascular changes and degeneration in interstitium, as basic indicators of changes in histopathology in testes tissues, were present.
In various studies, it was shown that estrogen is a mitogenic agent, particularly in the endometrium and a variety of tissue cultures (29) . However, the suppressing role of estrogen in spermatogenesis was manifested (30) . Our findings revealed significantly increased mitotic activity of spermatogonia, especially in group 3. In this context, the estrogen induces oxidative stress and causes damage in testes tissues (31, 32) .
The degree of the damage was the same as the results of NF-κB-p65 and TUNNEL. TUNNEL positive germinal epithelium cell density was estimated by the help of the stereological method. Immunopositive cell mean numerical density was 18.54 N/µm 3 in group 6, 16.34 N/µm 3 in group 5, 12. 95 N/µm 3 in group 4, 12. 85 N/µm 3 in group 3, 11.26 N/µm 3 in group 2 and 5.02 N/µm 3 in group 1. There were significant differences between all groups except group 3 and 4.
In summary, although there are a lot of new studies about testes tissues associated with exercise (33-36) and a few new studies about testes tissues and infertility associated with exercise (36) (37) (38) , to our knowledge, this is the first study investigating the connection between infertility in males and eccentric exercise/using estrogen according to the SCI-E database. Based on the data presented here, we suggest that eccentric exercise and estrogen supplementation may cause infertility in males.
